Research Article
A convenient preparation of 1-(pyrrolidin-2-yl)-1H-pyrazoles, -imidazoles, and -1H-1,2,4-triazoles, 1-(piperidin-2-yl)-1H-pyrazoles and -1H-1,2,4-triazoles, and 1-(piperidin-3-yl)-1H-1,2,4-triazoles by alkylation of azoles (viz. pyrazoles, imidazoles, and triazoles) with -Cbz-prolinol mesylate or its analogues and subsequent deprotection is reported. The two-step method allows for synthesis of the title compounds in 16-65% yields. The utility of the procedure has been demonstrated by multigram preparation of a 15-member low-molecular-weight hydrophilic three-dimensional templates, which leave much room for the lead-oriented synthesis of the compound libraries.
materials were used as racemates. Analytical TLC was performed using Polychrom SI F254 plates. Column chromatography was performed using Kieselgel Merck 60 (230-400 mesh) as the stationary phase.
1 H and 13 C NMR spectra were recorded on a Bruker 170 Avance 500 spectrometer (at 499.9 MHz for Protons and 124.9 MHz for Carbon-13). Chemical shifts are reported 1 H, 13 C) as an internal standard. Elemental analyses were performed at the Laboratory of Organic Analysis, Department of Chemistry, Kyiv National Taras Shevchenko University. Mass spectra were recorded on an Agilent 1100 LCMSD SL instrument (chemical ionization (CI)) or Agilent 5890 Series II 5972 GCMS instrument (electron impact ionization (EI)).
General procedure for the synthesis of 6-11
To a suspension of NaH (0.12 mol) in DMF (200 mL), compound 14, 15, or 16 (0.1 mol) in DMF (100 mL) was added. After the hydrogen evolution was complete, compound 13, 17, or 18 was added, and the resulting mixture was heated at 60°C (14) or 100°C (15 or 16) for 8 h, then cooled and evaporated in vacuo. The residue was quenched with H 2 O (1000 mL) and EtOAc (300 mL). The organic phase was separated, and aqueous phase was extracted with EtOAc (2×300 mL). The combined organic extracts were washed with brine (2×400 mL), dried over Na 2 SO 4 , and evaporated to dryness. The (Hexanes -EtOAc (1 : 1) as an eluent) and then dissolved in MeOH (400 mL). 10% Pd-C (2-3 g) was added, and the mixture was hydrogenated at 1 bar until the reaction was complete (NMR control, usually 1 day). The catalyst (CH 2 Cl 2 -MeOH -Et 3 N (9 : 1 : 0.1)) to give 6 -11 (Table 1 146.4, 143.2, 106.7, 58.9, 47.9, 44.9, 28.0, 22.8, 12.6, 11.3. Anal. calcld. for C 10 H 19 Cl 2 N 3 C 47.63, H 7.59, Cl 28.12, N 16.66. Found C 47.50, H 7.74, Cl 27.89, N 16.38 . MS (APCI): 180 (MH + ).
1-(Pyrrolidin-2-ylmethyl)-1H-imidazole (7a):
yield 82 g (54%). White amorphous solid. 144.3, 126.4, 120.4, 58.9, 50.8, 46.4, 29.5, 25.6, 13.4. Anal. calcld. for C 9 H 15 N 3 C 65.42, H 9.15, N 25.43. Found C 65.17, H 9.49, N 25.36 6, 125.6, 120.4, 59.8, 46.3, 45.8, 27.7, 22.6, 19.2, 11.2. Anal. calcld. for C 10 H 17 N 3 C 67.00, H 9.56, N 23.44. Found C 67.32, H 9.47, N 23.15 13 C NMR (CDCl 3 ), 151.7, 143.5, 57.4, 54.7, 46.4, 28.9, 25.3 143.7, 55.8, 55.5, 46.5, 30.0, 25.9, 24 1 H NMR (CDCl 3 ), 3.81-3.90 (m, 2H), 2.98-3.04 (m, 2H), 2.57 (td, J = 11.6 Hz and 1.7 Hz, 1H), 2.38 (s, 3H), 2.29 (s, 3H), 2.03 (br s, 1H), 1.79 (d, J = 13.5 Hz, 1H), 1.56-1.62 (m, 2H), 1.28-1.46 (m, 2H), 1.11-1.21 (m, 1H).
13 C NMR (CDCl 3 ), 159.5, 152.6, 56.1, 53.7, 46.5, 30.0, 25.8, 24.1, 13.7, 11.9. Anal. calcld. for C 10 H 18 N 4 C 61.82, H 9.34, N 28.84. Found C 61.89, H 9.07, N 29.10 13 C NMR (CDCl 3 ), 159.2, 152.1, 51.4, 50.2, 46.8, 37.6, 28.8, 25.5, 13.7, 11.9. Anal. calcld. for C 10 H 18 N 4 C 61.82, H 9.34, N 28.84. Found C 61.64, H 9.48, N 29.08 
. MS (APCI): 195 (MH +
).
Results and discussion
Only a few reports on the synthesis of compounds 6 -11 can be found in the literature: namely, the preparation of compounds 6a [13] and 7a [14, 18] has been documented (Scheme 1). Both compounds were obtained by alkylation of the corresponding azole anions with N-Boc-prolinol tosylate (12). For the preparation of compounds 6 -8, we have used an analogous method commencing from N-Cbz-prolinol mesylate (13) ( Table 1) , which is more reactive than N-Boc-prolinol tosylate, is shelf-stable and can be easily obtained on a hundred gram scale [20] . Azoles 14 -16 were used to generate anions for the reaction with 13 (Table 1 , Entries 1-9).
It was found that anions of pyrazoles 14a-c were more reactive towards alkylation with 13 than anions of imidazoles 15a-d or 1,2,4-triazoles 16a,b. Whereas 13 and anions of 14a-c reacted smoothly in DMF already at 60°C, in the case of 15a-d or 16a,b, the reaction was successful only at 100°C. It should be noted that in the case of 16, the alkylation proceeded regioselectively at N-1 atom of the heterocycle. The corresponding Cbz derivatives were not characterized but subjected to catalytic hydrogenation (10% Pd-C, MeOH, 1 atm, rt) to give pure 6 -8 in 16-65% overall yields. H-azoles reported in the literature.
As was described previously by our group [20] , the mesylate of benzyl 2-(hydroxymethyl) piperidine-1-carboxylate is not stable enough to be isolated. Therefore the corresponding chloride 17 was used in the reaction with the azole anions (Table 1, Entries 10-13). This change did not affect the outcome of the reaction sequence described above: the corresponding products 9a,b and 10a,b were obtained in 22-60% yields. The 1-(pyrrolidin-2-yl)-1H-1,2,4-triazoles 11a,b (45-52% yields) starting from mesylate 18 [20] and anions of 16a,b (Table 1 , Entries 14 and 15).
Compounds 6 -11 were obtained as rather hygroscopic liquids or oils, therefore any aqueous work-up should be avoided during their isolation and/ isolated as dihydrochlorides; 10% HCl in dioxane was used for that purpose. Although the synthetic scheme products in a single run.
Analysis of the physicochemical properties of the simplest (N-methyl) derivatives of the amines 6 -11 (Table 2 dimensional templates [21] . They provide an opportunity for the lead-oriented synthesis of the compound libraries even if the strictest current criteria of lead-likeness are considered [5] (Fig. 3) .
Conclusions
A convenient approach to multigram synthesis of 1-(pyrrolidin-2-yl)-1H-pyrazoles, -imidazoles, and -1H-1,2,4-triazoles, 1-(piperidin-2-yl)-1H-pyrazoles and -1H-1,2,4-triazoles, and 1-(piperidin-3-yl)-1H-1,2,4-triazoles was developed. The method allowed for the preparation of the target compounds in 16-65% yields. The building blocks obtained comply with the strictests the compound libraries. Table 2 .
N-methyl derivatives of the amines 6 -11.
Parameter
Value range
Molecular weight (MW)
Calculated logarithm of octanol-water
Number of H-bond donors
Number of H-bond acceptors 
